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LETTER OF TRANSMITTAL 


CoMMITTEE ON ScIENCE AND ASTRONAUTICS, 
Houser oF REPRESENTATIVES, 


Washington, D.C., April 13, 1959. 
Hon. Overton Brooks, 


Chairman, Committee on Science and Astronautics. 


Dear Mr. Cuarrman: I am forwarding herewith for committee 
consideration a report on ‘‘Satellites for World Communication” pre- 
pared by Staff Consultant Lt. Col. Paul B. Schuppener. 

This report is based on open hearings of qualified witnesses and on 
information gathered from military and scientific sources. It sum- 
marizes the sober judgment of communication experts on the adequacy 
of worldwide communication for both military operations and com- 
mercial use. 

An evaluation of recent developments and achievements indicates 
that this country is now capable of instituting a program designed 
to measurably improve worldwide communication through the use of 
satellites. Such a program is not only feasible from a technical view- 
point but is within Salesbhes considerations. Testimony given before 
this committee indicates that the Department of Defense and the 
National Aeronautics and Space Administration are actively partici- 
pating in a program designed to fulfill national objectives. 


F. DucaNnpDER, 
Executive Director and Chief Counsel. 
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SATELLITES FOR WORLD COMMUNICATION 
I. INTRODUCTION: IMPROVED WORLD COMMUNICATIONS 


The last half of the 19th century saw the rapid expansion of rail- 
roads into the Far West. This new venture brought with it both 
military operations and vast commercial opportunity. It brought an 
immediate and ever-increasing need for improved communication. 
Fortunately, the same telegraph poles, the same type of equipment 
and the same operators required . the railroads for communication 
controlling their operations were available to meet the need for reli- 
able and more rapid general communication service to this great region. 

In a not too asimniler fashion we are about to embark on another 
program of exploration and exploitation in the last half of the 20th 
century. Military missile developments have given us the essential 
components for a new means of transportation—the space vehicle. 
Inevitably, oppartiniten and problems at least as challenging as those 
faced west of the Mississippi in the 19th century are with us today— 
advancement of knowledge, commercial opportunity, the threat of 
military application, and a corollary need for vastly improved com- 
munication. Again some of the equipment and techniques developed 
as an essential adputies to the operation of missiles and space. vehicles 
will serve us well, not only for communication to and from outer 
space but also to offer us the opportunity for solving some vexing 
communication problems between points on the earth. It is the 
latter that is of immediate and pressing concern. 

In this country and in most of the countries of Western Europe we 
have built up a complex but highly efficient network of communica- 
tion facilities starting from the crude telegraph lines of the last half 
of the 19th century and the rapidly developed telephone and radio 
systems of the first half of this century. . The communication system 
we have established in the United States is rapid, versatile, relatively 
inexpensive of installation and operation, and capable of unlimited 
expansion. In other words, we have no major problems of providing 
communication within our country. 

_A similar note of satisfaction with current facilities and confidence 
in future developments cannot be expressed with regard to trans- 
atlantic and transpacific communication. We have real and serious 
problems involved in the use of conventional cable and radio facilities 
for transoceanic communication and for radio communication to the 
polar regions. We know that our present facilities are overburdened 
and that they lack reliability either because of atmospheric conditions 
or lack of network redundancy. They do not provide the versatility 
in use that we would like to Tiers e.g., we have no television trans- 
mission capabilities. We know that unless we seek new methods our 
problems will become worse rather than better as time passes. 

For example, in 1950 there were approximately 1% million trans- 
oceanic telephone messages. It is estimated that in 1960, 3 million 
messages will be transmitted. Leading communication organizations 
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in this country have predicted that by 1970 we must expect 21 million 
transoceanic voice messages. It does not appear feasible to meet this 
rapidly expanding demand for communication services through con- 
ventional cable means. There is one transatlantic cable link in 
operation today which has a capacity of 36 voices. Another 36- 
channel cable now being laid will become available late’ this fall, but 
the demand eee. will exceed its capacity by the mid-1960’s. 
Of course, marine cables are not our only means of transoceanic 
communication. We are currently using radio techniques involving 
tropospheric and ionospheric scatter, and we have given serious con- 
sideration to the eventual possibility of underwater wave guides, 
but these developments are far overshadowed by the attractive possi- 
bilities of using orbiting space vehicles or satellites as communication 
relay devices. ‘The idea of using a satellite as a communication relay 
device is not new. Shortly after World War IT, in 1946, the possibility 
of using the moon as a worldwide communication relay was considered 
and technical papers were published on the subject. Again in 1955 
one of the country’s leading communication corporations undertook 
to study the possibilities of transoceanic communication using man- 
made satellites. ‘Although most communication engineers knew little 
about the missile state-of-the-art at that time, they believed it would 
eventually be possible to place a communication satellite in orbit. 
Communication satellites, as currently envi , will not replace 
existing communication networks but instead provide a reliable 
and efficient means of spanning the oceans. Ground transmission 
and receiving stations will be tied into the existing networks. Simple 
devices capable of testing communication satellite theory are now 
available, and existing propulsion units can place such devices in orbit. 
Development work on # more advanced communication system em- 
ing # stabilized equatorial orbit can be completed within 4 years. 
hus the possibility of making great improvement in worldwide com- 
munication is a most timely answer to an extremely — military 
problem and provides an intriguing opportunity for profitable ex- 
pansion of service so far as civilian communication is concerned. 


II. MILITARY REQUIREMENTS AND PROGRAMS 


Mr. Roy Johnson, Director of Advanced Research Projects Agency, 
Department of Defense, appearing before this committee emphasi 
the need for communication satellites for the military services. He 
stated that the Department of Defense had a program specifically 
tailored to the rigorous military requirements of reliability, security, 

esent worldwide mili communication systems a 
either radio or cable do eeu these severe requirements. Cable is 
subject to sabotage or interruption from natural or accidental causes 
and lacks the necessary circuit redundancy for high reliability. High 
frequency radio circuits capable of providing communication at any 
range around the world are established, but the reliability is low—50 
to 90 percent—decreasing with distance from the equatorial regions. 
This low reliability results from many natural factors such as sun spots 
and changes in the ionosphere. Enemy intercept and jamming is 
probable. (The use of tropospheric and ionospheric scatter, introduced 
more recently, does provide greater reliability and greater traffic 
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e objectives of the military program are to provide‘an in > 
secure system’ of: military which: will operate: under 
any anticipated conditions against, any interference, either manmade 
or natural, and providing three essential types of service—first, com- 
munication between any points on the surface of the earth, including 
the pare regions; second, communication between any point on the 
earth’s surface and aireraft or ships; and: third, broadcast service 
whereby military information or orders could be transmitted to all 
military elements throughout the world. Each of these three services 
is required to be available on an instantaneous basis. 

The requirements to which the military program is tailored are 
stringent. For certain critical strategic intelligence information, or 
when command control at the national level is involved, communica- 
tion facilities must: be capable of transmitting messages between the 
major command elements anywhere in the world im a matter of 
minutes, with assurance of complete reliability at all times. There 
must be every assurance of handling such critical traffic under condi- 
tions of interference or jamming, either natural or manmade. A 
program designed to facilitate all requirements for military communi- 
cation easyer has been carefully prepared and is being actively 
pursu 

The first step in the overall program was Project Score, which 
successfully put a delayed communication repeater in orbit with an 
Atlas vehicle on December 18, 1958. This was a rudimentary form 
of device which will be improved greatly for later application in 
Project Courier. Development of this device in a form suitable for 
communication satellite use is scheduled for completion within 3 


years. 
_ Under the Courier concept, a satellite is placed im orbit at a rela- 
tively low altitude, approximately 500 miles, and as it passes over a 
und station information previously stored in that ground station 
1s transmitted rapidly to the satellite, where it is stored on a magnetic 
. As the satellite arrives at an area where it can be seen by the 
station to which the traffic is addressed, that receiving nd station 
transmits a securely coded command to the satellite directing it to 
transmit the stored traffic. While the ground station is receiving 
messages stored within the satellite, it may also be transmitting, on a 
different frequency, traffic to be carried by the satellite to the other 
stations. By transmitting at extremely high rates during the short 
= that the satellite is in view of each station, it is possible to 
ave a traffic-handling capacity equivalent to 20 teletype channels 
operating continuously at a rate of 100 words per minute. The first 
firing of a satellite testing the system capebility under this program 
is planned to be within a year. As each Courier satellite goes into 
orbit it will be subjected first to a period of R. & D. testing, and then 
it will be made available for operational testing in order to obtain 
experience through actual usage. The development phase of this 

project is scheduled for completion in 3 years. 

A classified project which is part of this overall military communi- 
cation Brograne is one to provide communication between ground 
points in the United States and aircraft in the polar < This 
project is currently being pursued as a matter of considerable urgency. 
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A test firing to put a satellite in orbit for this purpose is to be accom- 
plished within 2 years. All development work on the project is to be 
completed in 3 years. yotTt 


A 24-hour ss time repeater appears to be the real answer 
to rapid, reliable military communication. A 24-hour equatorial 
satellite in an orbit 19,400 nautical miles (22,300 statute miles) from 
the surface of the earth travels at a speed such that the rotation of 
the earth keeps the satellite fixed with respect to any point on the 
earth. At this great distance a large portion of the earth’s surface 
is radiovisible from the satellite. The satellite can thus act as a 
relay between points on the surface of the earth separated by several 
thousand miles. The instrumentation planned for this satellite will 
be heavier than that for earlier projects. It will also provide an 
increased communication capability—144 voice channels as compared 
to 20 teletype or 1 voice channel of the Courier type communication 
—— It will provide service on an instantaneous basis between 
he points being linked. In addition, it will have equipment for one 
voice channel for use to aircraft. The development schedule for this 
project provides for initial firing in a year and a half and completion 
of research and development in 4 years. 
- Several components of the 24-hour satellite system represent an 
effort of such magnitude as to become projects in themselves. One 
of these, the Centaur project, is intended to provide the high-energy 
upper stage essential to:the program. Final full-test firings for this 
project are scheduled to begin in about 3 years.. Another effort of 
considerably greater magnitude is the Saturn project, which will pro- 
vide a 1,500,000-pound clustered booster, thus permitting ultimate 
use of the 10,000-pound payload. This large booster development 
project, initiated in August 1958 by the Advanced Research Projects 
Agency, will permit taking advantage of the greater payload capabil- 
ity by — emphasis on long life, reliability, resistance to jamming, 
and total technical capability. 

Ultimately the 24-hour equatorial satellite will become a building 
block to be employed in meeting the full military requirement for a 
global communication system. This system will consist of a network 
combining both equatorial and polar orbits. A network consisting of 
both polar and equatorial orbit communication satellites having capa- 
bilities for relay from one to the other will meet all essential military 
communication requirements. Requirements, as they exist today, 
will take about 4 years for accomplishment. Completion of all equip- 
ment under development or planned for this program may take as long 
as 10 years. 


III, CIVILIAN REQUIREMENTS AND PROGRAMS 


Mr. Edgar N. Cortright of the National Aeronautics and Space 
Administration, and a distinguished group of scientists and engineers 
from industry, including Dr. John R. Pierce of the Bell Telephone 
Laboratories, Mr. Robert P. Haviland of the General Electric Co., 
Dr. Henri G. Busignies of the International Telephone & Telegraph 
Laboratories, and Mr. Andrew G. Haley, president, International 
Astronautical Federation, appeared before this committee and dis- 
cussed civilian communication satellite programs and possible com- 
mercial applications. 
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Mr. Cortright pointed out that while there are a few nations in the 
world who have nearly adequate communication systems for use 
within their borders, even these nations are becoming hard pressed for 
certain type of communication, such as transmittal of weather in- 
formation, and all nations in mM aprvre suffer from a deficiency of 
transoceanic communication. He stated that there was a great deal 
of interest shown by communication experts of this country in the 
possibilities offered by satellite communication systems, but that there 
were a pumber of unresolved questions, such as when they can be 
achieved and what the final techniques will be. 

Testimony of the NASA witness and those representing industry 
indicates that all can see valuable commercial applications, all recog- 
nize the large initial costs involved, but there is doubt in the minds of 
many as to which of the several approaches to a satellite communi- 
cation system will prove to be most economical for commercial use. 
The attitude, then, is one of cautious optimism, willingness on the part 
of industry to cooperate with the Government and with each other, 
but a feeling that no hard and fast commercial requirements or pro- 
grams can be established at this time, that the Government must fead 
the way and that, later, commercial concerns are prepared to invest 
large sums in proven techniques and hardware. 

he NASA program, one forerunner of possible commercial appli- 
cation, is concerned primarily with the launching of passive communi- 
cation satellites for research and development purposes. These 
satellites consist of aluminized Mylar balloons approximately 100 feet 
in diameter. Such a sphere weighing 150 pounds or less can be 
launched with existing rocket vehicles. The technique employed in a 
passive communication satellite system would be to track the sphere 
and to direct a narrow but powerful high-frequency radio signal at it. 
Approximately 98 percent of the energy impinging upon the sphere 
would be reflected and reach the earth as a very weak signal but cover- 
ing a very large area. A ground station within this large area would 
be able to pick up the signal, provided the station included the very 
specialized tracking, receiving antenna and amplifying equipment 
required. While one such balloon satellite would provide communi- 
cation between two earth stations for only a portion of the day, if 
there were enough satellites communication could be provided up to 
approximately 98 to 99 percent of the time. : 
itnesses appearing before this committee were in agreement that 

in both communications and astronautics this country has reached 
the point where a useful worldwide communication system based upon 
the use of satellites can be initiated immediately. 1t was pointed out 
that techniques were understood, equipment was available, and that 
only time, money, and detailed engineering were required to brin 
into being a worldwide communication system on a feasible an 
economical basis. Witnesses representing the communication in- 
dustry were in agreement also that work leading toward commercial 
application should start as a Government enterprise, with expanding 
participation by commercial organizations and leading toward com- 

lete commercial operation of the system. None of the witnesses, 

owever, was prepared to envisage a point in time when Government 
assistance in the form of providing launching vehicles and performance 
of actual launching operations would not be required. 
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IV..CONTRIBUTING DEVELOPMENTS. 


~ Successful ballistic missile flights and the successful satellite launch- 
ings in support of the International Geophysical Year have done’ a 
great deal to dramatize the advances made in propulsion and guidance 
systems. Interest has focused on these outstan ing achievements as 
paovise ail the considerable possibilities for the exploitation of space. 
y the scientific world, however, has been awaré that during the 
t 6 years there have been at least equally dramatic advances made 
in radio microwave techniques and devices. . It is particularly these 
advances in the electronics area that cause scientists and engineers to 
share such tremendous confidence concerning the possibility of satellite 
communication systems. 
For example, there are several outstanding developments which 
render ground transmitting stations many, many times more effective. 
One of these is a special horn reflector antenna. The characteristic 
of this antenna is that it sends radio energy out or receives it from 
essentially only one direction. It radiates or receives from the sides 
or rear only one-millionth as much energy as it does in the desired 
direction. Another development which makes possible the use of 
much greater power in radio microwave transmission is a new 10-kilo- 
watt CW microwave klystron with proper band-width specifications. 
Four years ago this klystron tube was not available. Now one can 
walk into an electronics manufacturer’s plant and buy it off the shelf. 
Of course the devices just described which permit directing greater 
amounts of radio energy with much greater precision have added 
tremendously to the transmitting capabilities. But equally significant 
advances have been made in the miniaturization and even micro- 
miniaturization of electronics components which will have to go into 
the relatively small space and small weight permitted in a communica- 
tion satellite. One of these is the broad band transistor which can 
be used in an active repens placed in a satellite. Transistors, of 
course, are not. only smaller and lighter than conventional radio tubes, 
but they also require very much less power and therefore they cut 
bulk and weight in two ways. Miniature tape recorders have been 
developed and successfully demonstrated, first in Explorer ITI and 
later in two other suecessful American satellites—the Atlas “talking” 
satellite and the Vanguard meteorological satellite. Significant 
improvements have been made in solar cells and storage batteries 
which have made possible considerable reductions in bulk and weight 
for satellite use. Miniaturization techniques have been applied to 
other electronic components including capacitors and resistors 
These newly developed components, providing substantial weight an 
savings and improvement in operating life and reliability 
contribute greatly to our ability to place effective radio receivers an 
bre siedcaul in satellites in orbit at considerable altitudes above the 
earth. 
Perhaps the single greatest contribution to an overall system of 
communication involving the use of either passive or active communi- 
cation satellites is the MASER, or microwave amplifier. Even with 
the new and effective transmitting techniques the reflected or repeated 
signal from a satellite is weak indeed when it returns again to the 
surface of the earth. The new and effective horn reflector antenna 
can pick this signal out with little or no interference from manmade 
static or signals emanating from the earth, but there is still a back- 


ground of radio noise generated within the conventional high bm 
receiver which causes serious interference. It is here that the MASER 
renders its peculiar service, for it can amplify the weak signal to proper 
strength with only one one-hundredth of the normal background noise. 
These solid state amplifiers must be kept cooled to approximately 450° 
below zero Fahrenheit with liquid helium, but this poses no great 

roblem in the fixed ground receiving stations. The MASER 
(standin for: microwave amplification by stimulated emission) is a 

evice which has long been known in principle, but effective applica- 
tions of the principle have been brought about only within the last 
5 years. 

Other improvements in radio microwave techniques and devices are 
actively underway but have not yet reached the stage of fulfillment. 
Engineers are confident that longer life microwave tubes, high fre- 

uency transistors and greatly improved power supplies are within 
the state-of-the-art, and greatly increased understanding of com- 
munication theory is anticipated. The advances proven to date and 
those promised for the future place us in a firm position to reach sound 
engineering decisions in the development of satellite communication 
systems. 
Vv. THE COSTS 


Even the most conservative estimates on the part of defense experts 
and the communication industry indicate that while initial costs are 
high, the systems to be evolved will be well worth the cost. 

r. Roy Johnson, speaking for the Department of Defense, stated 
that the military communication satellites program would cost $15 
million in fiscal year 1959, and that approximately $60 million had 
been budgeted for fiscal year 1960. He estimated that the military 
effort would reach a peak in about 3 years and that the cost at that 
time would probably be over $100 million a year. He added that it 
was his hope that within this 3-year period there would be a payoff 
on an interim basis which would give military commands far greater 
communication reliability than they have now. 

Spokesmen for industry appearing before this committee offered 
several programs which they tentatively priced. One proposal in- 
volved placing 24 plastic balloon spheres in rambling orbits. Such 
a system of passive communication satellites would make it possible 
for at least one of the satellites to be radiovisible at both the trans- 
mitting end and the intended receiving end 99 percent of the time. 
Separate costing of such a program indicates that the balloon satellites 
themselves could be laced in orbit for perhaps as little as $15 million 
to $20 million. Each of the ground transmitting and receiving sta- 
tions would cost on the order of several million dollars including 
equipment and structures. This cost, however, has less significance 
whoa one considers that the system could provide channels of as much 
as television band width. It is possible to equate a television channel 
to 1,000 telephone channels. 

Another proposal would place 16 active satellites in 1,000-mile 
altitude orbit. Again this would represent a network of satellites in 
essentially uncontrolled orbits. The satellites themselves would con- 
tain four receivers, four transmitters, attitude control and power 
supply equipment. This would permit handling 800 simultaneous 
teletype messages for transmission over a maximum range of 4,000 
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miles. The initial cost of placing the satellite service in being is on 
the order of $100 million to $150 million. Cost of maintenance, even 
if each satellite had to be replaced once a year, is estimated at $50 
million per year. a 

Still another proposal would place three 24-hour satellites in a 
22,300-mile altitude orbit. This could provide the equivalent of 1,000 
sempbene channels or 500 telephone channels plus one television link. 
Each of the satellites is estimated at $4 million and the cost of 12 
ground installations, including terminal facilities and a computing 

system to handle the traffic, is $24 million. ts 
The programs described represent three considerably different ap- 
oaches to the establishment of a satellite communication system. 
‘he costs, while significant, are well within reason for our military 
budget and for commercial use when tested and proven techniques 
and hardware are available. ne 
VI.. CONCLUSIONS 


_ Communication within this country and in many of the more highly 
developed countries of the world is adequate and is capable of expan- 
sion to meet increasing need. ‘Transoceanic communication and 
communication to the polar regions is inadequate in terms of traffic- 
handling capability, reliability and versatility. Expansion of con- 
ventional transoceanic links is not keeping pace with the rising volume 
of messages. 
' One of the most serious deficiencies of existing transoceanic com- 


munication is Jack of reliability, Radio links are extremely susceptible — 


to. interference from a wide variety of natural conditions, including 
electrical storms and distance from the Equator, as well as manmade 
interference. Cable links are subject to both accidental and delib- 
erate rupture. 
_ These inadequacies of the worldwide communication system can 
produce a slow, strangling effect in peacetime and a critically dan- 
gerous effect in time of emergency. Use of earth-orbiting radio 
repeaters offers an opportunity for secure, reliable military communi- 
cation, resistant to de iberate interference by any enemy. Successful 
operation of military communication satellites will inevitably lead to 
highly profitable commercial exploitation. 

Plans and programs of the Advanced Research Projects Agency of 
the Department of Defense have been prepared and are being activel 
maleed. Significant success has been achieved in critical steps of this 
military program and completion of the first worldwide communication 
network based on the use of satellites for transoceanic links appears 
probable within the next 4 years. 

Commercial applications in this field are proceeding at a more 
cautious pace. is is quite understandable since the feasibility of 
several possible cohatoal approaches has yet to be demonstrated. 
Hardware will be designed and built to take advantage of the results 
of such investigations. . Until these things are done the communication 
industry is in no position to expend large amounts of money in 
duplicating the efforts of Government agencies. 

ltimate success of the plans to integrate satellites into the world- 
wide communication system appears assured. Spectacular successes 
in the launching of large a and satellites and the successful 
placing of satellites in orbit in the past year have added measurably 
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to this confidence. Other technological advances—of less spectacular 
nature but nevertheless of equal or greater significance—in the field 
of electronic devices have been achieved. 

While highly commendable progress has been made toward the 
improvement of woridwide communication through the use of satel- 
lites, much remains to be done. There must be no letup of effort 
through lack of funds or indifference. The very existence of this 
country in large measure is dependent upon the success of these efforts. 


O 


